Background Women in developing countries often continue their agricultural work during late pregnancy. Whether this adversely affects birthweight is not clear from previous studies as few controlled for confounding factors. This study seeks to clarify this issue.
The weight of an infant at birth is an important determinant of its survival and future health, growth and development. Birthweight is greatly influenced by the health, nutritional status and lifestyle of the mother. Poor nutrition before and during pregnancy, cigarette smoking and short maternal stature are well-established as major determinants of low birthweight in both developed and developing countries. 1 There is suggestive evidence that other maternal characteristics may also affect birthweight. Among these, the effect of strenuous maternal work on pregnancy outcome constitutes a priority for investigation, especially in developing countries where a high proportion of women bear a heavy workload either inside or outside the home.
The biological basis for a harmful effect of heavy work on pregnancy outcome has not been definitively identified. There are theoretical reasons, however, to believe that prolonged upright posture and strenuous physical work during pregnancy decrease uterine and placental blood flow, and that the resultant reduction in fetal supply of oxygen and nutrients restricts intrauterine growth. 2, 3 Increased maternal energy requirements for physical activity combined with low nutrient and energy intake may also reduce the supply of nutrients to the fetus. 2, 3 In addition, strenuous physical work may precipitate an early delivery, and gestational age is recognized as a major determinant of birthweight.
Although many epidemiological investigations have been conducted to examine the association between maternal work and pregnancy outcome in the last two decades, the results have been inconclusive, with a deleterious effect being found in some studies, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] but not in others. [17] [18] [19] [20] [21] [22] [23] Few investigations have been conducted in the less developed countries. [3] [4] [5] [6] [7] This study was conducted to compare the reproductive performance of low-income women who spent much of their pregnancy involved in strenuous agricultural activities, with a group of women who did not perform hard physical work. The main outcome considered was birthweight, but gestational duration was also examined.
Subjects and Methods

Study site and design
A retrospective cohort study designed to investigate the influence of maternal work during pregnancy on birthweight was carried out in the district of Palmares, Northeast Brazil. This site provided a good opportunity to investigate such an association as sugar-cane production employs about 72% of the local labour force, of whom 28% are women. 24 Agricultural tasks are all performed manually, including harvesting. The land is regularly weeded during the year, re-planting is done in alternate years and the harvest season runs from September to April. There is no gender difference in the allocation of agricultural activities. Most of the land is hilly which makes treks to and from the plantations arduous. The climate is hot and humid, with average minimum and maximum temperatures of 18°and 32°C. 25 Malaria is not endemic.
Subjects and data collection
The study population comprised 958 low-income women and their newborn babies, recruited between April and December 1992 in two maternity hospitals when they attended to give birth. Over 90% of deliveries in this district occur in these two facilities, with a prevalence of low birthweight (birthweight Ͻ2500 g) of 9.2%. All mothers who met the inclusion criteria and delivered Monday-Friday were enrolled.
Data collection was by interview and was hospital-based, although data were also collected prior to the study to document the types of agricultural activity undertaken in the study area, their intensity, and weights of loads carried, in order to confirm that the agricultural activites were 'heavy'.
Eligible subjects were women from families where the per capita income was less than the official minimum wage per month (equivalent to approximately 70 US$), with a singleton pregnancy, and whose newborn had no evidence of congenital infection, chromosomal anomalies or other major malformations. If these general criteria were satisfied, the next step was to determine the mother's eligibility for selection to one of the two study groups. The exposed subjects comprised 250 mothers who undertook heavy agricultural work over a period of at least 3 months during the second and third trimesters of pregnancy and the non-exposed subjects consisted of 708 housewives. Any woman who had worked outside the home during pregnancy, even for a short period, was not selected for this latter group. Informed consent was obtained before beginning each interview and confidentiality of the information was ensured. No women refused to be interviewed.
A standard pre-coded questionnaire was administered 12-48 hours after delivery by a trained interviewer. Aspects of agricultural activities investigated were timing and duration of work during pregnancy, number of hours and days worked per week, and time taken to travel to and from work. Information on household activities was collected for both groups of women, and focused on three main activities: number of children under five to care for, fetching of water, and availability of domestic help during pregnancy. Also included were data on maternal age, height, postpartum weight, gravidity, birth interval, outcome of prior pregnancy, infant's sex, antenatal care and cigarette smoking, maternal and paternal education, family income, housing conditions and household possessions. The outcome variables were birthweight and length of gestation.
Anthropometric measurements and assessment of gestational age were performed within 24 hours of delivery by the principal investigator. Standard anthropometric techniques were employed. 26 Gestational age was assessed by the method of Capurro et al. which has a precision of 8 days. 27 Newborns were weighed naked using a portable digital baby scale (Model 15/2B, Filizola, São Paulo, Brazil) with a capacity of 15 kg and a precision of 10 g. On average, the infants were weighed 11 hours (SD 7) after delivery. 
Data analysis
The questionnaires were checked daily for accuracy, consistency and completeness. Data were coded immediately after editing. Double data entry was conducted by two people independently, using EPI-INFO, version 5.01 (CDC, Atlanta). Data entry was checked by the validating program of EPI-INFO.
Analysis was undertaken with the Statistical Package for the Social Sciences/PC+, version 4.0.1 (SPSS Inc., Chicago, Ill). For categorical variables, differences were assessed by a χ 2 test (with continuity correction, in the case of dichotomous variables). 28 For continuous variables, t-tests and one-way analysis of variance (ANOVA) were employed as appropriate. The Bartlett-Box F-test was employed to check the homogeneity of variance. Two-sided tests were applied throughout, and statistical significance was taken as P р 0.05.
Multiple linear regression with hierarchical entry of potentially confounding variables was used in the multivariate analysis. 29 This method consists of entering the explanatory variables one at a time in an order previously specified by the researcher based on a model describing the logical or theoretical relationships between determinant factors. According to this technique, each explanatory variable is assessed in terms of what it adds to the equation at its own point of entry. The effects of higher-priority explanatory variables are assessed and controlled for before the effects of lower-priority explanatory variables are assessed. The degree of the association between the outcome and the explanatory variables is reassessed at each step of the hierarchy, that is, multiple correlation is recomputed as each new explanatory variable is added to predict the outcome. 30 Adopting this hierarchical approach, six regression models were developed: first, monthly family income (below or above US$ 140), was placed in the highest hierarchical level and was regressed against birthweight. Maternal height and exposure to cigarette smoking were then added in model 2, so that their effects were assessed controlling for the influence of family income. In model 3, reproductive factors (maternal age and parity) were included in the model along with family income, maternal height and smoking. Model 4 examined the effect of hard work performed at different stages of pregnancy, as well as child care and fetching water. In model 5 antenatal care and infant's sex were introduced, and in model 6 gestational age and postpartum body mass index were added to all previous variables.
Model 5 was used to examine the association between work during pregnancy and birthweight. The exclusion of gestational age and postpartum body mass index in this model relates to the mechanisms by which maternal work may affect birthweight: one mechanism is through early delivery (reduced gestational age), while the other may be through reduced energy availability for fetal growth. A low postpartum body mass index may itself reflect an inadequate energy intake during pregnancy in relation to requirement. Model 6, on the other hand, was tested in order to examine the contribution of all factors to the variation in birthweight.
Results
A total of 1198 women were interviewed of whom 958 (85%) met the inclusion criteria. Of the 250 agricultural workers, 90 (36%) had worked from conception for 6 or 7 months of pregnancy, 101 (40%) until the end of the eighth month and 59 (24%) during all 9 months. The median time spent in agricultural labour was 30 hours per week (interquartile range 24-36). The median time taken to walk to and from the fields was an additional 60 minutes (interquartile range 30-120). Women working in agriculture also had significantly greater responsibility for child care (ANOVA, P Ͻ 0.001) and fetching water (t-test, P Ͻ 0.001) than housewives. No significant difference was found, however, with regard to the availability of household assistance (t-test, P = 0.70). Table 1 shows that family income of agricultural workers was less than that of housewives, despite the fact that housewives had no income of their own. Agricultural workers were also more likely to be older and grand multiparous, compared with housewives, and to smoke. They attended antenatal clinics less often than housewives and were lighter and shorter but had similar body mass index. No significant difference was found HEAVY AGRICULTURAL WORK AND BIRTHWEIGHT 471 for birth interval and prior history of low birthweight or prior fetal loss.
Birthweight and gestation
The incidence of low birthweight among agricultural workers and housewives was 10.4% and 7.1% respectively (χ 2 , P = 0.03). The median gestation duration was 38 weeks (interquartile range 37-39) for agricultural workers who continued working throughout pregnancy, and 39 weeks (interquartile range 38-40) for those who worked for 6, 7 or 8 months, or were housewives. Forty-three infants (4.5%) were delivered before 37 weeks of gestation: 9 (3.6%) to women in agricultural work and 34 (4.8%) to housewives. Infants of agricultural workers who continued working during the ninth month of gestation had a mean birthweight of 2953 g (SD 519) compared with 3143 g (SD 447) for infants of housewives (ANOVA, P = 0.02) ( Table 2 ). The mean birthweight for infants of mothers who worked during the first 6, 7 and 8 months of pregnancy was similar to that for housewives. No significant difference in mean birthweight was observed for the number of days and hours per week dedicated to agricultural labour. Mothers who fetched water during pregnancy, or had no other child to care for, or smoked, had infants with lower mean birthweight (Table 3) . No difference in mean birthweight was found for women with and without domestic help. The results of the six regression models with birthweight as the dependent variable are shown in Table 4 . In model 2, the effects of maternal height and cigarette smoking after adjusting for family income were highly significant. The adjusted effects of maternal age and parity in model 3 indicate that younger women and those delivering their first child were significantly more likely to deliver lighter babies. The effect of these variables was independent of the influence of income, maternal height and smoking. Model 4 examines the effect of hard work performed for different durations, as well as child care and fetching water. The adjusted effect of agricultural work during 9 months of pregnancy was significant, but working for 6-8 months was not. Child care and fetching water failed to show any significant effect on birthweight after adjusting for income, maternal height, smoking, age and parity. In model 5, antenatal care and sex of the infant were included, both of which had a significant effect on birthweight. Working during 9 months of pregnancy retained its significance even when these variables were controlled (P = 0.05), reducing birthweight by 117 g. Model 6 shows that length of gestation was the single variable which best explained the variation in birthweight, accounting for 6.6% of the differences recorded (R 2 ). Body mass index accounted for a further 5.1% and smoking 3.8%. Maternal height contributed 2.6%, primiparity 2.2%, and infant sex 2.1% to the variation of birthweight. The other variables did not significantly improve R 2 when entered in the equation. Taken together, the variables explained 27.5% of the variation in birthweight.
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Discussion
The main purpose of this study was to examine the net effect of heavy agricultural work on birthweight in a low-income population, by controlling for other factors that may affect fetal growth. The mean birthweight of infants whose mothers worked in agriculture during all 9 months was 190 g less than that of those whose mothers were housewives (ANOVA, P = 0.02). The adjusted effect in model 5 was 117 g (P = 0.05). Model 6 suggests that some, but not all, of the effect of heavy work was due to the slightly shorter duration of gestation among the women who worked during 9 months of pregnancy, of about one week. Thus the impact of heavy work on birthweight was a function of both shorter gestation and reduced fetal growth. Heavy agricultural work for 6, 7 or 8 months had no significant effect on birthweight or gestation duration. This would suggest that either fetal growth is adversely affected only in the ninth month of heavy work or, more likely, that being free from agricultural work in the ninth month permits catchup from growth restriction occurring during 6, 7 or 8 months of heavy work. 31 A major weakness of previous studies has been the failure to take account of confounding factors. We considered gestational age to be a mediating factor in reducing birthweight as heavy work may precipitate an early delivery, and therefore we made no adjustment for gestational age (model 5). Neither did we adjust for postpartum maternal body mass index. We reasoned that if heavy work during pregnancy reduced fetal growth by altering energy balance, it might also reduce the body mass index. Inconsistent findings in previous studies may not only reflect inadequate control of confounders, but also other methodological weaknesses, including recall bias. In the present study, recall bias is likely to be minimal since the period between the event and the interview was short and confounders were controlled.
Previous reports of the effect of agricultural work on birthweight are limited to the Gambia, Tanzania, Ethiopia and the US. [4] [5] [6] 23 In the Gambia, a significant reduction in birthweight occurs during the rainy season, which is characterized by heavy work combined with food shortage and malaria. 5, 32, 33 In Tanzania, with a similar seasonal cycle, no reduction in birthweight occurred in 1979 when flooding curtailed agricultural work, 6 strongly suggesting that heavy work has an independent effect on birthweight. In Ethiopia, pregnant women engaged in hard physical labour had lower mean weight gain and lighter infants than housewives with domestic help or women working in sedentary jobs with domestic help. 4 This study, however, failed to adjust for potentially important confounders. In contrast, no reduction in birthweight was found among Hispanic women engaged in agriculture in California. 23 This could be due to inadequate control of confounding variables or, more likely in our view, to nutritional supplementation through the Women, Infants and Children (WIC) programme and/or to less strenuous agricultural tasks. For example, most worked in vineyards and women employed as packers and sorters were also classed as agricultural workers. In our study area, women had no access to special supplementary feeding programmes, agriculture is not mechanized, and there are no striking seasonal changes in intensity of work as women are allocated other HEAVY AGRICULTURAL WORK AND BIRTHWEIGHT 473 Levels of significance: *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001.
agricultural tasks, such as hoeing, when the cane-cutting season is finished. Among pregnant women engaged in heavy agricultural work until delivery in Africa and Brazil, the findings of an adverse effect on birthweight are consistent. In our study the association between child care responsibilities and birthweight disappeared when parity was introduced in the multivariate analysis. Women with no child care responsibilities are more likely to be primigravidae, a factor known to reduce birthweight. The association between fetching water and birthweight reduction also disappeared in the multivariate analysis. This highlights the need to adjust for confounding variables in studies of this kind. Had confounding factors not been controlled, a spurious association between domestic work and birthweight would have emerged in our study.
Older maternal age and high parity were not associated with birthweight reduction in the bivariate analysis of this study, but smoking significantly reduced the mean birthweight by 200 g (P Ͻ 0.001).
In conclusion, we found evidence that heavy agricultural labour continued for 9 months reduced birthweight. Maternal body mass index and smoking also emerged as important factors associated with birthweight reduction. Therefore, short-term public health interventions in the study area should be directed to the improvement of maternal nutrition as well as an antismoking campaign. Equally important is strong legislation in support of maternity leave of at least one month prior to delivery. The study highlights the importance of controlling for a wide range of potential confounders when examining relationships between birthweight and work activity during pregnancy.
